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== (54) Title: POSITIVE ELECTRODE ACTIVE MATERIAL FOR SECONDARY BATTERY, POSITIVE ELECTRODE FOR SEC- 

= ONDARY BATTERY, SECONDARY BATTERY AND METHOD FOR PRODUCING POSITIVE ELECTRODE ACTIVE MA- 

^5 TERIAL FOR SECONDARY BATTERY 

s (54)*^a)*^: -^mTfeffliEfiisiaM, =*m»ffljE«, -&mm. if- ^mmmiE^TS^mcD&m^m 

(57) Abstract: The present invention aims to prolong the life of a secondary battery, to suppress increase in the resistance when a 

SZ secondary battery is stored at high temperatures, and also to suppress increase in the resistance during charge/discharge cycles. In 

^= order to accomplish the aim, it is used a positive electrode active material comprising a lithium manganate and a lithium nickelate. 

= The lithium manganate is a compound having a spinel structure represented by the formula (1) below or a compound obtained by 

S5 partially substituting a site in the compound where Mn or O exists with an other element Lii+ x Mn 2 . x 0 4 (1) (In the formula (1) above, 

g= x satisfies 0.15 ^ x ^ 0.24.) 



= (57) mtf): 



O 



Li Mn O (1) 

l+x 2-x 4 

(fcfcU ±fE^;(l)lC*5VvC\ xfSO. 15^x^0. 24-?&%> 0 ) 
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IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 
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w m m 

[oooi] -ykmmmiEmmwjn. -&nt&miEim, *3<ttf- &m 

[0002] v^v^*>-ifcmmtimfrxm&it£tixfrbio^±timmu tcom^ 

2 

iCoO te&mUttMX4Vffi.<D3EMtmmiiL&^U YtWfcWftMBjXlSO—lQO 

2 

tf5&V\, LfaVtetfb, LiCoO <Dm&jr,MX-foZ>Co\-i-mmX&Z> 0 ^fc, 10^-20 

2 

[0003] HEVffl^l:14, ^«.(-*5^6Mttfc^mf-^^4#tt, MU^telf&mtltc^ 

m^^t^y^(Dmm^^hnx\^mmz.M^ mz, f--r^^# 
^td&=i^h^(Dm^m^^mx^ ucoo icm^mt^iEmuw^h 

2 

[0004] n%rmmmm<Dshm<Dmmtvx, m^^.mm<DUNio mmt, ^ 

2 

^/Mtit^LiMn O tCoV^T^^^^f^nTV^o LiNiO ^TOtt 

2 4 2 

, LiCoO £Jfc&U ^T^^-WJ^«H^M£<^5t>©W^^«^*^170"200m 

2 
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[0005] — LiMn o x&tsti, ttgh*t°*;ummm&#i-&u^mM&mimte, 

2 4 

tcMn 4+ (D%j£mz&m^x^m>m<mh^\ l^ot, uEvmmmv 
tciEmmyontvxnft£tLX\, >s 0 
[ooo6] <^5^> LiMn o m^m^mmtitmvx, mummr^n^^^t 

2 4 

[0007] LiMn O J^LiCoO ^it^L/c5 ! E^m1^-I'^^^§J^H^-oV^T« > — jRttfc 

2 4 2 

«f^^^Mn^ffi<t = ^TV^o^^\Liilpm^, -T^^^Li Mn Oi 

l+x 2-x 4 

Tt/c(#fF«l>2) 0 
[0008] rtUbtf>&#ft3\ S^^^^^>-^];^!>A4»^Mnffi^^7^$r+4^ffi{C3ff^ 
tt> Mn^^^^^L«^A®^:^ia^-r§^?fe-efc§o 

m^xn^x^fj:<^b^^m^mt^tix^^c 0 

[0010] #fF^l:#M¥6-187993^fa 

m^Xm : #W ¥5-364 12^# 
[0011] ^P^Olfl^ 

[0012] ^wn±nzmm\zM??-xte£titch(DXh<9, ^<d @ -^mm^m^ 
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[0013] *mw#mz. ~iknm&&m&m\.frm<Dm&±&m<n&mk\ f tt&ti>b& 
mestizo tzztK Qtmn&ffiT:^ ^(Dm&x*(Dmmmtethx^tei)^tc 0 
coon] ^mmtzxti^ ^rf^mv^y&t, =-^/^mv^^t, sra-^-, mu^>x 

Li Mn O (1) 

l+x 2-x 4 

(fcfcU ±fE5£(l)^:£V^ x(30. 15^x^0. 24X&% 0 ) 
[0015] ft*5 N ffl*ffl*^:JoV vC, r-v-v^V^y^-r^^j JUi, LiMn O bW\Wi<D*t°*/V 

2 4 

^Sr-atfo ffl&ffl»^:£V v C, r^^r^y^^j LiNiO ilH^cDii 

2 

[0016] *%w^m^xi-£, ^u^m^-v^t. ^y^mv^^b^ts^iEm^'S: 

^(Di^m(DMnhV<nO(D^T^^h(D-mm(D^mXMm^fhfc^ 

[0017] -^mm<DiE«^K^bT^t o ^M#3t^r5^^vmy^^A^fflv 
v^m&fab<DfePsxnfd;t)^tc 0 ^fc, #^^^1^^ -^>#^y^- 
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[0018] tzx\ n*<Dmw£&ttmz&mutmm* ±.n&,(i)<D&?^ x^a*** 

[0019] tzzx\ ±f5(i)^"e^tt5>fb^{*, y^^Ay^/jijfia^-efesfc*, t»<£> 

[0020] ^^ytyf!>^©lilt}4, iifif, MnM^f ( bLi^^f^/Ht-eLi/Mn= 1/ 

ioo—soox:x^^^tK^^^m^(D^^m^^^ 

[0021] jJfc*ia£as<Kv Wfettfe^^^ifcy^^ASrEttfl^ftWiLTfflV ^*«L 

[0022] rcDj;5^> y^^iasnjjfsaj^-ctt, t&feo^ife-cwu ifm^/to^jM^.^ 
&4ox:&±<DmmTxnmfflu±i&nLfr'&<Di&n*—yiz&ftZ) y 3. 3v#^ 
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[0024] mm&ft&<Dtkm$— y^^^x3. ^nm^m^^co^^^m 

[oo25] ^em^tu^ mm-^xnmmiEm^u^mm^mx^x, MnWMt^i 
mwt&m&^ nbtitzm-<Dm&m&, 8oo°c&,±(Dumx-^mi^u mm 

K)hmm^mPe(D\km^^%-(DM&<mb^ nbtitcm~<DM&m$:, 450X: 
£i±<Dnmx\ #>o N mnd~ik'mj&£<9h&Mx~ ^m^n^\ suis-^^v^y 

50 

[0026] *mwiz%5\,^xi^ v^j^wM(Dmm^mwiu -wtvm^nw wz.&mj& 

50 

v^c Zo-r^b^^, Mn^MbUWMb(DR!t^^±^^b^X^ 0 

[0027] *fc, ^mm^mm^rnxn, Mnmrnbummb^-mrnxm^-r^ &rm 
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[0028] mhtitc-^^mv^^x^y^umv^^^iEmmmm^^^^ 

[0029] *&mz£lni£, -risjrsmm&b. -ytrtvmf-yj*^ fl&ia^tf 

mmiiKmrn^yv^m^^x^oooppmurxh^t^m^t-r^-^ 

[0030] ^^C#6ZftMMfef{^tl5v^yi!jf^i.©t^}±, IC 
PHl«t«9^:«)fetu5Mn^ttiS^lOOOppm^T"t?fcS 8 rofcfe, -^otfV/^ftfil 

[0031] #389!W3in\ rMn?^m*ji:«, fflfettM&VoW&O. 4g/ml<£>^ig 

^—hbm^—^—hb^m^X30:70—50:50Xm^l,tc.-h(Db-r^b^ 
X%Z>o 

[0032] ttmz&titt. -ri/jfi/mvT-VJxb, ^y^m^^b, «r^*, Mia-w^f 

fBte-7-©BETjSfe^±5Jfc3{®9fjas, 0. 3mVg^-bO. 8m 2 /gJ^T-Cfc5r^# 

[0033] *HWt#5Z^«*iESgtif(^tl§vy^>fyf-T>is»ij:, BE 
Tfe^t>#*&h^J**®9&&S, 0. 3m 2 /g^±0. 8mVgWT-CfeS„ 0. 8m V 
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[0034] *55K©zift«?iiiffliEaa&*«ni*5v^, mm=-^^mv^^K tie^ 

LiNi Co O (2) 

l-y y 2 

(fcfcU -Lf£5£(2) m*5V^T, yf*, 0. 05^y^0. 5T'fe6 0 ) 
[0035] ^-TSw^^iJ, «m^iS5MT^fflbfc^O^±#^fc^S*^T^$iJi- 

[0036] *38W©n?fe«?|liMlEffi«*5r^33V>T, mm^y^mV^^K TfE:&(3 
LiNi Co M O (3) 

l-a-0 a 0 2 

, ait, 0. l^a^O. 47l?fe'9, j3 fi, 0. 03^0^0. 4-efc5 0 ^fc, 0. 13^ a 

+ /3 ^o. 5-efcs 0 ) 

[0037] ^-r^tiz^, mm^uxmm\^tcm(D^±^fcammi&r^h^n 

[0038] ^0^<DZl^li?t!lffliE^^I®(C*5V>T, fffffi-^l^y^A^ -jr fe 

5£ (4) T^^tLS'fb^^fcoTt <tv \ 
LiNi Co M O (4) 

l-p-q p q 2 

, pft, 0. l^p^O. 0. 03^q^0. 5T^S 0 ^fc, 0. 13^p+q<l 

T?fe5o ) 

[0039] *mw<D-frmmmiEmmmmz&\,^x, mm^rf^mv^v^tmm^y^ 



WO 2004/105162 



8 



PCT/JP2004/007165 



[0040] *38WK:J:*Lfi, TWfflB-2fe«mffljE^*W^#ffJ»tj:t)3lt3»S^r*sr^ 

[0042] «±RWLfc«fc5te##WteJ:;h/ri, ~}fcffi?&££iNHfc-r5r£;dST?#5 0 
[0044] [Hl]*^Jfi^ffi^<RS— ?k«?feO«lfife«r^B|-ca)<6o 

%Wb^fcnm<viikn#—?*7r:-rmx&z>o 
[0045] *»M^c«5z:^«ft©^*Lv^|fesfe^j|i^!lov^-c1ftW"t■5o ^mmnm 

tc«5*?&f4^*.«Bll©J:5*«5fi«r^r i f So BlWu 
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[0046] M^K^^-t-5Ml2^ffiV>f 3 ttSiE^^I««, Li^l(^LT4V^ifi 

[0047] v^y^D^^AiLT, TIE^(l)-e^$^^t 0 ^M#5t<Z){b^^M^ 
Li Mn O (1) 

l+x 2-x 4 

(fcfcU ±lB5£(l)^:fcV^C, xteO. 15^x^0. 24%mtc~t 0 ) 

Tt>ctV\ m^^-^tU-i, tckx.\t, Mg, Al, Ca, Sc, Ti, V, Cr, Fe, Co, Ni 
\ Zn, Sr, Y, Zr, Nb, In, Sn, La, Ce, Nd, Sm, Gd, Ta, Bi, Pb&^a^f t^fi 

[0048] ±!B^(l)^$ttS^^^^^/^y^^Ai^t?IE^^%^ffiV^w^ 

[0049] ±i5^(i) x^ztizx\i°*Mnm(D^>tf>m^j*k^v^mv^j*k^ 

mm^muxi^mvtcm(Dm.m±^fcnmmi&r^x'o-mmmimm'r^k 
[0050] *fc, =5/^-/^y^^A^LT, Tia^(2)-c^$tt5'fb^4fi»is»arKiffiv>e>n5 

o 

LiNi CoO (2) 

l-y y 2 

(fc/cL, _b|E^(2)^*3V>-C, yf£, 0. 05^y^0. 5T?fc5 0 ) 
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[0051] =y^/i4»y^A*±|B(2)^**tS'ft:^4*it-rsr:2:^J:ij, iffewfiSi±# 

[0052] *fc, -^^y^^L-t, TE^(3)"e7i%$n«'fb'&**s»ai^fflv^e>tts 

o 

LiNi Co M O (3) 

l-a-0 a $ 2 

, a«U 0. 1^ a^O. 47T?&»9, j3 fi % 0. 03^ /3 ^0. 4X&%> 0 0. 13^ a 
+ 0 ^0. 5"C*>5 0 ) 

[0053] ±|B^:(3)-C^StL5'fb^'ftSrffiV^5ifc^0, «^©l£&±#££kt£3bm&<J 

[0054] —ytnVWf-VM^ TfB^(4) X^tbZ>it&fy)b\^Xh£\ \ 

LiNi Co M O (4) 

l-p-q p q 2 

, p{3, 0. l^p^O. 5XfoV, qtt x 0. 03^q^0. 5T?&5 0 £fc, 0. 13^p+q<l 
-CfcSo ) 

[0055] ±|H^:(4)-C^$tl5'fb'^#li:Lr. fct^L^LiNi Co Mn o «rfflv»S£fa&s 

0.34 0.33 0.33 2 

[0056] lEmm®ft<on*T&mZWk. SfcR, St^Offi, WUHE5££;M"\ *fc«tt, IE 

o vy^ytUf^(-ovvt«, ^-r5(i)^fcfi(ii)(7)^<^— o& 

¥#J$i#> Jt^ffiSL X^^^^31tR«ri: 
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mm.&m, wmm. nmm&m$i-rz>z.bt>m^\ 
[oo57] jEmfe&mw^&tiz^if^mv^vj**. 

coo. 4 S /m\<Dmmx\ 8ox><Dm&mwzioBffl&m^itm<DMrmmmiK io 

OOppm^T> £ib^0£L<te7OOppm^T> 
(ii)BETfej31«tSJt^®5W^, 0. 3mVg£*-hO. 8mVgOT> 

[0058] (i) fc*sv^T, »^»^-#*-h3R*jK«^fc«r&tp 0 #-tf^-h 

fcirx.^^— W-h££fMJt30 : 70-50 : 5 
0kt£Z£5m&Vtzh<z>b1rZ> o Mcfcmai. icbz-ltEC/DEC=30/70(fcmst 
)b1rZ> 0 XWm.bVX, fc£*.f*LiPF £lmol/L^MT"aM5^-T5 0 

6 

[0059] ±fe^(i)-e^$tLS-^^^y^-^Ao^^ov^-ci^0j-r5o fEKic 

fflV^m^^bT«, LiJ^tLTLi CO . LiOH, Li O, Li SO fc^SrfflV^ 

2 3 2 2 4 

ri*S-e#So Mni^irLTMnO % Mn O „ Mn O „ MnOOH, MnCO „ Mn(NO 

2 2 3 3 4 3 

3 2 

mMm&&bft^^^^m&fabumnbi,xu co *k MnmwkvxmAn 

2 3 

O.MnO ^fcfiMn O &Pfr\Z.&izL\,\ 

2 2 3 3 4 

[0060] sir, fw*fejcov>-a»wrso ±iB©in»is3pi*3Si:a^b, Fjf^^iim 

[0061] fcfcL, ±15 (i) (ii) <D'Pte<bk-^*ffifc~$-lEm?%V!>n*, ±M<D^(D 

2*&nzititotete. Mnmmbumnb^Rft^^^m^-r^m^h^o &tt 
> mmmiMLm*^m.vxmj&0ki**n7£i-Z!&mshz> o z^x\ *mimn\z. 
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so 

50 

50 

MnJjjCifSHDD £30 /z maT^TS^/WtU/ \ ^rT^^-J^, Lilg^Mn 

50 

[oo62] iisijbfdj^^^^-rs^^^^ji^b, -m%<om&*ffi, -«s 

-o. oi3fifcbTi«^-e^-r§ 0 ^rLT, -^^^vn-c«, s^t-r^b 

Lii§pJM/& £ tbTM^/&-r5 0 r^l-S^c:^ ±|E(i)^fc«(ii)tD5^, ^ N 
ti^VMfc-f-r^^^^^bv\ ^fS^CD^^^^b^^^-c^^ ±15(0 

. ^m^mm<DmnL(D^'\^^h^±^^b^x^ 0 -ate m^m^ 

[0063] ^^^^^#>6IE®^K^Mi-SI^©j(l^(D^iJ^j;t>m^^# 

T?j±&iEmfewmkvxm\<\ nm^j^^m^mm^tc^mm^mu r. 

O«m^4O°CWJicDi«^T^lMr0m±^gUfc:#<D^fl:^7-^^3o^?)^ 3. 3 
V^taficD®S|(D#^(D^^v^ri:^^6o JiaB5£(l)-W$*u _hlE(i)l£fc 
«(ii)cD5^, ^>^<^-(D^#^m-T^^V^y^'i7i,tt, 3. 3V#ifi^©M 

[0064] m^, ^mmwmxm^^=-^^mv^^comm^m^^^x, ^^kd- 

tLXn, Li^^L-CLi CO N LiOH, Li O, Li SO fcif/B^5r£tfS-C#<5 0 

2 3 2 2 4 
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^Al-CS^-r^fcfeCOAlJ^^fiLTfi, Al O , Al(OH) % «T/1^~«>A, mWt 

2 3 3 

[0065] u±(D<px\ uWMtvxnu co t>K m-comntisXfeTkMlkW. awm 

2 3 

tLXteAl O £fcJ3Al(OH) £/c, $ib(^f^b<«, Ni-Co-Al 

2 3 3 

[0066] u±(D&mmn^M'&mtRu -lie^) ^nr^y(Dm^fcn±m^:(3) iz&tt 
tct^moo°c-95o°cmm<Dummmx\ &%L^tcnmm^xmj&i-z>o «f* 

[0067] #fe*L^:=y^iiy^^A(©BETW:*®lttt, 0. 3mVgW±t-t"5wtdW*b 
fc, ^y^r/^mV^J^(DBETitmmm^ 2mVgJs*Tfci-5£fcfl s #*lX, lm 2 

[0068] K±^i5t^LT#bn^^>'liy^^Atriy^/W»y^l>AiSr^WJCii 

^-rs 0 rcD^#, ^^/^y^^^fiS:i:b^^2o%^±8o%i^T<b-r-5r^^ 
[0069] #?>tL^:a^«r, ^^v^— a^^t/jumttf+^si^a^b, ®H£ri-5 0 ^ 

>-y-fi, Wittt, ^<^tt««H4, 

T?&<, ^y^^lf-y^XPVdF), ^y^b^/^n^i/VCPTFE) SSj&SJBV^ 
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[0070] ^mmmn^^-r^>mi^m\^hti^mmmm^ u^iszwa, mm*f 

#btbSd002^S0. 38nmjfi^t?*>t),Kfl5S3& s l. 5-2. 0g/mlfS^T*&5r>;as 

[0071] fkmmvoft&'Wsjf—nkm'&u wmt-rz> 0 wsr—yz, mmtvxmu-r 
zwmz.feKxm'gmviztiZo tittup jEm^u^—tLxm^ti^un. 

#V7vfc}?~V7*^ (PVdF) , jtflW^A^na^l^ (PTFE) Srffl V £#5"? 
[0072] «^15^V>5^{i,^nh>-^^U-CaiSffiV^n^^^iil: 

^-rsrir^-e^^c mot*— hsu m^-^-hm. mmm 
Ms =-bV/ismm&m\<^z.kftx%z> 0 isbKM?ftma*s mmmmmmt^x^ 

3i^-MEC), ^n^y*- b(PC), y-^a^h^CGBL)^ 
KDMC), x&Wl-Asjl— h(EMC), ac^/v«4Sfd»e>i>jfe<i:t>i 
C/DEC, PC/DMC, PC/EMD, PC/EC/DEC#<7^^ji»£?£LV \ 

[0073] «#*15tp©^«fift^U-Ctt > itkx.^ LiBF % LiPF , LiCIO , LiAsF , LiSb 

4 6 4 6 

F , LiCF SO , Li(CF SO )N, LiC F SO % Li(CF SO ) C, Li(C F SO ) N& 



WO 2004/105162 




PCT/JP2004/007165 



6 

6 

;t«*0. 8M— 1. 5M^-r5-«b^T?#5 0 0. 9M-1. 2M<!:t5r<l:^W^L^ 

o 

[0074] £?LKlr^U-*16tt#K:|8^*lfcV^ fgflfr, 51^8*^ #?Ltt^fifc»i»l« 
[0075] E!l(D-^«^{±. ^^^c^^tt^^Kmivl^VNT, ^ffiSSitWEfE 

[0076] *mmMmiz&z=.]fcmm<DMmzmzmm^-Z)K tctx-iz, mz, ^ 
[0077] *mMmmt<z£mhti%jEmfewig&£Tf=i7kmmfe, %?^HEv%mmm 

[0078] J^_t\ vTifc^Lfc, ^^W^W^ti«^^T^t9, 

[0080] (HJfefll) 

(Li Mn O <DYtm 

1+x 2-x 4 



WO 2004/105162 



16 



PCT/JP2004/007165 



l+x 2-x 4 

V\fc. mite, f^Lfc^#V^iW-kCDLi:i;x, Li CO COD Mnj^Sr 

2 3 50 

[0081] LiJg^LT, Li CO £fc, MnJD§0N-£UT\ EMDd^^ftvy^y 

2 3 

)SfcttMn O 5rfflV\fco £i\ S/Stt<^fRl±*3«tt5S W*aSSr3fiT-rSLi Mn O 

2 3 1+x 2-x 4 

£r#5r<b£ g 6«j^U Li CO ©*&#2fcOTMD©t&#2fcU s 3HR^o;^ Li Mn 

2 3 1+x 

2-x 4 

tU:|W]C5— 30/zm£Lfc 0 — Li CO to^Tii, D ^ m^fcfilO/z 

2 3 50 

[0082] rftboffissmmr* 0f^^Li/MnW:t^J;5^^Lfc o z.<Dm&&&mfik& 

m&H7v—tifctemm&m%T. 850X:xmf^U ol^giftcDLi/MnJ:!^ 

co &mni,xm&u nbfttcm&ffizm^m^Tx-m%j&zn o 

2 3 

fee 

[0083] mhtltcU Mn O cofti^l M m&T<DW/bntt&%&mmfc£V)fa£l,1z 0 

1+x 2-x 4 

Wfetl/tLi Mn O <E>¥*§fl&Sfiil2— 18/zm, 2pt»#D «30//m^T> M 

1+x 2-x 4 50 

$Bg?fci3. 98-4. 15 g/ /mltrfeofc 0 
[0084] [^1] 
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[0085] (Li Mn O ©Wfl5) 

1+x 2-x 4 

1+x 2-x 4 

[0086] Mn$gttifi:<E>8!J5& 

(aoti^tfc, **5, W!WS©*iiE£UC, EC/DEC=30/70(#«Jt)S:ffl 
V\ «^&<D^J&£LTLiPF SrfflVVfcc LiPF ©«#^*<£>ift£«::imol/U:L 

6 6 

[0087] BET}&^J;5J:l:^ra£>$!j^ 

"W^Vlfty^^AOBETJt*®j»OiBa^ti,JIS Z 8830^-3^X^0 fc D 

w^jcH:, ^mmm g ft*®«ay^«^« c&^y-:/- qs-is : quanta 

CHROMElii) SrM V ^c 0 
[0088] 2320M=t^^«?ffc(7)f^SSi^*liI^¥©ffl!l^ 

^ittN-^jV- 2-t°nyK>(NMP) m^tfeS-tt-^y— Srf^KUfco ^© 

[0089] iEm *p <» mj&ftktmnmm^—t^hx^^if^mv^vj* mn.^n-^m pva 

F = 89:7:4£Lfc 0 ^©EffiV— h*iKgl2inm* tJlfr*>JSt#E««ffifcUfe„ A® 
^«a^El4mm0^JSy^^^^fflU M^O*^^ lJ¥^25^m©^ 
y^PfcVV^Lftflg-fe^U— ^-^ttiib, 2320M3-r^-fe/^^Ufc 0 
Imol/LcDLiPF &j£J$*££U EC<tDEC£#;»J+reEC:DEC=30: 

6 

[0090] #b^2320S=^>^^fflV^*J^#flW*fMBiUyi:o*i*.0. ImA/c 
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i*#^cD^:i;^bW*^DOD (Depth of discharge : tkW^^.) 

. OV^-C— ^^mb, 0. lmA/cm 2 -C4. 3V^-C|??E^Lfc^CD3. OV^T^^cffi 

^*mm¥= (^^^m*)/^©^®^*) x 100 
[0091] wm^gk 

mX—ytDMbLX, A-U A-3, &£^A-40^;#V^y^i*£^Tffr&L 
[0092] [^2] 
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[0093] &2(DWR£*) S U~T<OZ.t&1pfrZ> 0 £f\ A-l, A-3, &£T*A-4<Dt> jf>Wt 

2 3 50 

1+x 2-x 4 

[0094] |H2^Ufc<t5^, -LfE^U) Hl*3»tSx^o. lO-CfcSSHh r<D®ftl£iE 

^*Sf^UTfflv^-^«^Sraiaift#u^«oJSrtfc<;*- ^Ki*5V^, 3. 3V# 

[0095] *^ x =o. i3tu, »*jeaiisraifw-r5^:«>ji:(sia-T?-- 

[0096] |^£Li/MnJfc-?fc<5x=0. 15T?Li CO <£>5pi»#D ^f^^fcA-3, A- 

2 3 SO 

5, te£ZfA-6$;}£%l1-Z>b, Li CO COD flUO » m(DA-5*3j;t^A-6^jt-<, Li 

2 3 50 2 

CO COD ^2 jU m(OA-3CO«m-e^*|ll^^< % 3. 3V#ifi^^ 

3 50 

[0097] Z.tlbOlfe&X'O* Li Mn O ^IBfcl&ttSxtfSO. 15^x^0. 24^«fcU 

1+x 2-x 4 

D ^2/*mWTOLi CO ^fflV^T-^P^^^i^^Lfc^^^y^^A^ 

50 2 3 

Mn^aj*i8J:tfBETJfc^ffi«aM^l\, rco^&^^v^y^ 

[0098] ^fcoasttigbd^tt^cv^ds, mm&mzmfttc^tf^My^v^&'&ztc 
&m&*>zzkk<Dnmm&£tiz> 0 r^*, Li co <Dtm&'bz<-rz>z.bi>w 

2 3 

^*3tt5x©jfiffiSrO. 15^x^0. 24ir-rs^Ji<tt)s ffiaWW±mff*Lyt-v^>' 

»y^-«>A*swfeix5o *yt,o. i5^x^o. 24£^fc^-^#vg?y^A<D<£-eb 

, Li CO C0^^2 M mJ^TC0#»51S'JL, ~l£l^&&fT5r < H;:J;<9, £<9-Jf 

2 3 

[0099] (=-^/^mv^^(Di^m) 
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^mm^m^m^x^ ^y^mv^^ti^x^ ±m^(2)x^ti^>^m^ 

[0100] LiNi Co O (DfcM 

1-y y 2 

±fE^(2)T?^£*T,5LiNi Co O (DftmaZ, mmm&tVXU CO $o£Vi~y 

1-y y 2 2 3 

^r/U^y<jUbX20%m^tc(Ni Co )7K^ft*^fflt/c 0 ^tl?>ttl^g!|Sf^ 

0.8 0.2 

[Li]/[Ni Co ] = l/l<b&5<fc5^1^Ui 0 #^fc^*&f^M 

0.8 0.2 

[0101] LiNi Co M O (D{^M 

l-a-0 a 0 2 

^HJS^JiTtt, _LiE5£(3)T?^$*t5LiNi Co M O Hl*Sl^-C % M£rAl«t 

l-a-0 a /3 2 

Lfc 0 tti^SJS^tUr, Li CO S3±t/=y^«r3^^h"C15%tT/U$^^At*5% 

2 3 

emb/c(Ni co ai )*mmz&m^tc 0 ^nbmmmn$:,^i£iw/i 

0.8 0.15 0.05 

Ni Co Al l = l/lbfj:%£?Km&^tc o mbntcm&Bfe£%<P, 750 o CX 

0.8 0.15 0.05 

[0102] (18650§JRf^*?fc<Dft;®0 

^HWftl(c*5v^Tf*, ai— A6©^>#v^y^A£fflv^Ti8650S[R1^m 

[0103] [S3] 
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[0104] EffiJSHfcfteLT, Al — A6<D^>tf>WtV^$MZttL,XLiNi Co O £30fi 

0.8 0.2 2 

mv^j^) : mn.^u-^m pvdF= 89 : 7 : 4^u-c 0 

[0105] Mm^WtL-XW^mV:^^m^\ /W^-^fc5PVdF&^£^fcNMP 

ZlsbX*l¥£hm!%m : PVdF= 90 : 10<bLfc o 
[0106] C(Dj;5^UT{«L/cA@^— hS.U«E^>-h^J¥^25 ^ m©*!Jxfuy#?L 

o nmmz, lmoi/LcoupF %3cmm.tv, xfi^y^-#^-h(EO 

6 

ovy^fyiyf^AtLtAi" A6^m8650SRfti«^m^iD£^;ft, ; en 
B-l— B-6^-r^ 0 

[0107] iE^^KibT, A-3(D^^f>mV^^KML-XUNi Co Al O £: 

0.8 0.15 0.05 2 

30m*^— fe^b^Lfc^^ffl V \ ±.^(D^m^m I vt 1 8650M RfSF«?&Sr 
fESHUfco #^tLfc«m<^«?{ilID^C-3i:^fE-r^o 
[0108] &tc, lEUm^WtVX, A-3CO-^^V^y^r>A*5j:t>XiNi Co O £{££!L 

0.8 0.2 2 

fEte, TD-3- (LiNi Co O (DM&M ) J £U D-3-10— D-3-90£-T 

0.8 0.2 2 

So &*3, =j/«yf^^30ii/^t>f^|>lIt^t5t,D-3-30ij:, _k 
[0109] $^(- N IE^^jKi:LT, A-3<D-7>-#V^y^.M;iLiNi Co O £30fi*^ 

0.8 0.2 2 
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[ono] mm) 

[0111] ^*&^*<£>$J/£ 

m^ofc 0 j^WC, 100mA-e2. 5V3re^®ffiD#tffi£?Tl\ 

*^#«mcos^*^^ufc 0 ^(D&, ^—i^yti^xmikftx^m, 25°c 

t?— ilffiJMt* 100mA-?2. 5V^t?^«, cD£0;S£rfTofc 0 

[0112] ft&mmmijiomfe 

COO. 2C (^^*^5B#^T^*^T^5ttMii-ei000mA^f3200mA) T?$C 
(Depth of Discharge : DOD) lCC»m^lO# 
ra^*$-&fc0#(D«JE»J^bfc o lO^TOS^ ^S«lCW-hC0«^-t?10# 

[0113] i&W&<D\H^Uffimji 

®m?mwfc&fo*mfeuz&w^z. ^mmcoo. 2ct@^co«M-r?DOD5 
o%(D^m\^mm^tM, 55 o c<Dmu.mftKX4mmi%&vtc 0 ^#m> ioomA 

"C2. 5V^-C^*^m^tTo/c^, 1000mA-C4. 2V^T^*L, ^rCO^l. 5H# 

m^nj±^m^ff^tc 0 s^wc, ioomA-?2. sv^T^m^ffi^fTV^, ^<Dt£ 
mm<mmm (%) = tEim^*/^^* x ioo 
[0114] *7t, ^rt^it«^^^j^tiw]aw^&-cv-iii:iii^*^, t(D\m*&fe 
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[0115] 3001h-Y^/^^#(7)^*li^^(D^lJ^ 

acw^^wifttt, s»**©ic«atirT*^«flE^5«L4. 2vaia^mi. sb$ 

fee 

[*4] 
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B-1 


B-2 


B-3 (D-3-30) 


B-4 


B-5 


B-6 


C-3 


D-3-10 


D-3-20 


D-3-40 


D-3-50 


D-3-60 


D-3-70 


D-3-80 


D-3-90 


E-3 



[0116] ^4*3«fct*IH3 < J:^ \ZT(DZ.b&*>fi^ti 0 m2lz^f^^>mv^^<DW^ 
*S*^*5V^x ±IES:(l)JC*3lt*x<O|6ffliS0. 15^x^0. 24-cfc5^^v^y 

o ±15^(1) tCSSJtSx^ttffli^O. 15^x^0. D ^2/im©L 
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2 3 

Loin] ^fcuNi co o (DM&m%2omm%&±8omm%MTbi-&bmm!&yE& 

0.8 0.2 2 

4:«lft!li-Sr.i:d5^d>5o =^/l^y^?A£LTLiNi Co Al O SH£/8 

0.8 0.15 0.05 2 
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Li Mn O (1) 

l+x 2-x 4 

(fcfcU _blB^;(l){C*5VM:, xttO. 15^x^0. 24T'fe5o ) 

ikmmmiEmmmMo 

Li Mn O (1) 

l+x 2-x 4 

(fcfcb, ±|E^(1)^*5V^T, xttO. 15^x^0. 24T&3 0 ) 

{b^oMn^L<teo<D#^r5iMh<D-^;« 

Li Mn O (1) 

l+x 2-x 4 

(fcfcL, ilEiSCDfCfcWC, xteO. 15^x^0. 24-?£>£ 0 ) 
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LiNi CoO (2) 

l-y y 2 

CfcfcU JiflBS;(2)K:*5VN-C,yWL, 0. OS^y^O. 5XfoZ> 0 ) 

[5] m^mmm^^m^-^mmmiEmm^om^^x^ wm^y^mvf- 

o 

LiNi Co M O (3) 

(/tf£L. ±1B5£(3) lc*5Vvt, Mf*Al^fiMn©^«C<^V>-f *is6vSr£tf. * 
fc, a{3\ 0. 1£ a ^0. 47trfc«9 N 0 f*, 0. 03^ 0 ^0. 4X&Z> 0 0. 13^ 
a + 3 ^0. 5-efo2) 0 ) 

[6] ^©ttBa^l«75M»3«v^ttd>fcffi«i©-^«»fflE^»5Cfcfev^ 

iknmmiEmmvona 

LiNi Co M O (4) 

1-p-Q p q 2 

(fcf£L, _hfB5£(4) IC*5V^T, M^*^ttMn©^Jfe<i!t>V>-f ttd^^&tP. * 
fc. pfi, 0. l^p^O. 5-efc«9, qfcfc, 0. 03^q^0. 5-C&5„ 0. 13^p+q< 
lTSfc*. ) 

[7] m&<Dmmni^7bmm6m^TthM£&m<o- ^mmmiEmm^oMK^x 

do] m^commm9m^mm,<D=ii^mm^^x^ mi&&mm&wmm*&m£ 
&KtL,x^&^t&<&mk-f&-iikmm 0 

[11] ft^0^ffl|gl«75^7^V^tb^^lB«<D-^mmffl]E^»«0^5t^ 
MnJD^a-iJfCWfcfc^U '&t>tlftm—<Dm 1 &®^ 800°C^±W^T— ft 



tnEs*tfcj§jfc<&ai9i) 
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